Inflammatory myofibroblastic tumor of the urinary bladder is an unusual spindle cell neoplasm that displays cytologic atypia, infiltrative growth and mitotic activity mimicking malignant tumors, such as leiomyosarcoma, rhabdomyosarcoma and sarcomatoid carcinoma. The objective of this study was to determine if anaplastic lymphoma kinase (ALK-1) protein expression detected by immunohistochemistry and ALK rearrangements detected by fluorescence in situ hybridization (FISH) were useful in distinguishing inflammatory myofibroblastic tumor from malignant spindle cell tumors of the urinary bladder. In inflammatory myofibroblastic tumor, ALK-1 expression was identified in 13 of 21 cases (62%) and ALK rearrangements in 14 of 21 cases (67%). All cases of inflammatory myofibroblastic tumor demonstrating ALK-1 expression, carried ALK rearrangements. One case negative for ALK-1 expression exhibited ALK rearrangement. ALK rearrangements were more common in women (P ¼ 0.0032). Leiomyosarcoma, sarcomatoid carcinoma, embryonal rhabdomyosarcoma and reactive myofibroblastic proliferations were negative for ALK-1 protein and ALK rearrangements. Immunohistochemistry using markers of muscle, epithelial, neural, and follicular dendritic cell differentiation showed overlap between inflammatory myofibroblastic tumor with and without ALK gene rearrangements, and between inflammatory myofibroblastic tumor and spindle cell malignancies. However, coexpression of cytokeratin and muscle-specific antigens was unique to inflammatory myofibroblastic tumor, observed in approximately half the tumors. This study indicates that detection of ALK protein and ALK gene rearrangements are useful in distinguishing inflammatory myofibroblastic tumor from spindle cell malignancies in the urinary bladder. Additionally, our findings suggest that ALK rearrangement is the primary mechanism for ALK activation and that inflammatory myofibroblastic tumor likely represents a heterogeneous group of spindle cell proliferations with the majority associated with ALK translocations, and the remaining associated with other etiologies. Modern Pathology (2007) 20, 592-603.
Inflammatory myofibroblastic tumor is a rare myofibroblastic spindle cell tumor occurring at a number of anatomic sites, including the urinary bladder. [1] [2] [3] [4] [5] [6] [7] [8] [9] The vast majority of these tumors behave in a benign fashion, although occasionally tumors can recur following surgical excision. Histologically, inflammatory myofibroblastic tumor is characterized by a proliferation of spindled cells arranged in loose, variably cellular fascicles admixed with inflammatory cells including plasma cells, and lymphocytes. 3, 6, 7, [10] [11] [12] [13] In the urinary bladder, as in other sites, these tumors can exhibit infiltrative growth, increased cellular density, cytologic atypia, mitotic activity, mucosal ulceration and necrosis, mimicking malignant spindle cell tumors such as leiomyosarcoma, sarcomatoid carcinoma and rhabdomyosarcoma. 3, 6, 7, [10] [11] [12] [13] [14] Additionally, inflammatory myofibroblastic tumor shares immunophenotypic features with these malignant tumors, including the expression of cytokeratins, smooth muscle antigens and desmin. 3, 10, 11, 13, [15] [16] [17] The morphologic and immunophenotypic similarities between inflammatory myofibroblastic tumor and malignant urinary bladder tumors can lead to a misdiagnosis of inflammatory myofibroblastic tumor as a highly malignant tumor, resulting in unnecessary radical surgery. Therefore, there is need for a more specific marker of inflammatory myofibroblastic tumor.
Recently, studies have shown that a subset of inflammatory myofibroblastic tumor express anaplastic lymphoma kinase (ALK-1) protein, and associated molecular cytogenetic analyses, using fluorescence in situ hybridization (FISH), has demonstrated gene rearrangements involving the ALK gene locus within the spindle cell population of inflammatory myofibroblastic tumor. 2, 4, 9, 15, 18, 19 ALK, located on chromosome 2p23, encodes the ALK protein, a tyrosine kinase receptor, originally shown to be overexpressed in anaplastic large cell lymphoma. Rearrangements of ALK with various gene partners have been identified in inflammatory myofibroblastic tumor from a number of anatomic sites. [20] [21] [22] [23] [24] Each rearrangement is believed to result in the creation of novel gene fusions and subsequently leads to aberrant ALK activation. In the urinary bladder, a few series and case studies have reported cases of inflammatory myofibroblastic tumor exhibiting ALK rearrangements. 7, 10, 13, 19, 25 In addition, studies have identified a subset of inflammatory myofibroblastic tumors in locations outside of the urinary bladder, demonstrating the immunophenotype of a follicular dendritic cell tumor, harboring Epstein-Barr virus (EBV) or human herpes virus-8. 1, 6, 8, 26, 27 The objective of the present study was to determine if ALK-1 protein expression detected by immunoperoxidase methods and ALK rearrangements detected by FISH are useful in discriminating between inflammatory myofibroblastic tumor and malignant spindle cell tumors of the urinary bladder. In addition, extensive immunophenotypic studies examining the expression patterns of epithelial, neural, myogenic and follicular dendritic cell markers, as well as evaluation for the presence of EBV viral sequences, were undertaken on this series of bladder neoplasms to determine their diagnostic utility.
Materials and methods

Pathologic Material
Formalin-fixed, paraffin-embedded tissue of primary urinary bladder spindle cell lesions obtained by transurethral resection or cystectomy, including 21 cases of inflammatory myofibroblastic tumor, 16 cases of leiomyosarcoma, eight cases of sarcomatoid carcinoma, three cases of embryonal rhabdomyosarcoma, one malignant solitary fibrous tumor, and four benign neoplasms (three reactive myofibroblastic proliferations and one schwannoma) were obtained from Mayo Clinic and consultation files. H&E-stained sections from each case were reviewed by a urologic pathologist (JCC).
Immunohistochemistry
Immunohistochemical evaluation was performed on 4-mm formalin-fixed, paraffin-embedded tissue sections mounted on charged glass slides using the antibodies listed in Table 1 .
Antigen retrieval consisted of graded alcohol deparaffinization, methanol/hydrogen peroxide block, followed by pressure treatment in buffered EDTA (pH 8) at 1001C for 30 min.
Immunohistochemical staining was performed with a modified avidin-biotin-peroxidase complex method at the indicated dilutions (Table 1) using the Dako Autostainer (Dako, Carpintera, CA, USA) according to specifications. Results of immunostaining were interpreted as positive if the spindle cells exhibited specific staining for the particular antibody. Appropriate positive and negative controls were performed for each immunohistochemical stain analyzed.
EBV In Situ Hybridization
EBV RNA in situ hybridization was performed on paraffin-embedded sections from 21 inflammatory myofibroblastic tumors and 16 other spindle cell neoplasms. Oligonucleotides complementary to a portion of the EBV early RNA (EBER1 and EBER2) were applied. Cases were considered to be positive if nuclear staining was identified. Multiple 5-mm sections were prepared for FISH analysis studies from 78 paraffin-embedded specimens. These included 53 selected bladder tumors, comprised of 21 cases of inflammatory myofibroblastic tumor, 16 cases of leiomyosarcoma, eight cases of sarcomatoid carcinoma, three cases of embryonal rhabdomyosarcoma, one malignant solitary fibrous tumor and four benign neoplasms (three reactive myofibroblastic proliferations and one schwannoma). In addition, 25 normal urinary bladder biopsy blocks were included to help establish a normal cutoff. The first section was H&E stained and examined to ensure that it met the standards by which the block was selected. Regions representing tumor and normal tissue were then delineated by a pathologist (JCC). Importantly, FISH analyses were performed using the sections immediately following the H&E stained slide to minimize the effects of tumor heterogeneity.
One slide per case was heat-treated in a 901C oven (30 min), deparaffinized in xylene (2 Â 15 min), and dehydrated (2 Â 100% EtOH). Air-dried deparaffinized sections were microwave treated (3 min) in 10 mM citric acid (pH 6.0), digested with 0.005% pepsin solution (Sigma-Aldrich Corp, St Louis, MO, USA) (pepsin in 0.9% NaCl (pH 1.5)) (30 min) at 371C, sequentially dehydrated in alcohols (70, 90 and 100%), and again air dried. BAP ALK probe working solution (Vysis Inc.) was applied to the entire tissue, and they were co-denatured within a HYBritet at 801C (5 min). The slides were then hybridized overnight in a humidified chamber at 371C. Following hybridization, the slides were washed in 0.1% NP40/2X SSC at 721C (2 min), and then rinsed at room temperature in 0.1% NP40/2X SSC (1 min). Slides were DAPI counterstained: 4 0 ,6-diamidino-2-phenyl indole dihydrochloride (1000 ng/mL in anti-fade mounting solution) (Vysis Inc.) and then cover slipped. All 78 specimens analyzed by FISH were processed in a blinded fashion without any link to tissue diagnosis and immunostain results until study completion. Two technologists independently analyzed each FISH slide, scanning the entire tissue section and scoring 100 representative spindleshaped nuclei (200 total). The results of each technologist were not combined until study completion to minimize any bias in scoring. Once unblinded, a normal cutoff value of 4% for the signal pattern of 1R1G1F was calculated from the 25 normal bladder specimen results, which should reflect the frequency of artifactual splitting of the ALK probes in normal bladder muscularis propria. Tumor samples were then interpreted as ALK rearrangement positive if greater than 4% of the 200 cells analyzed demonstrated a separation of the ALK FISH probe. Ten of the 78 samples were re-analyzed/re-probed due to poor hybridization signals and/or poor tissue morphology.
Statistical Analysis
To test if ALK gene rearrangements in inflammatory myofibroblastic tumor occur more commonly in females than in males, a Fisher's exact test for count data was performed, generating a P-value of 0.0032. To test for any difference in age of occurrence between patients with ALK-positive inflammatory myofibroblastic tumor vs ALK-negative inflammatory myofibroblastic tumor, a two-sample t-test with unequal variances yields a P-value of 0.167.
Results
Immunohistochemistry
The results of immunohistochemical studies are summarized in Table 2 . Cytoplasmic staining for ALK-1 was present in 13 of 21 (62%) urinary bladder inflammatory myofibroblastic tumors (Figure 1) . ALK-1 staining was not identified in any other tumor types. ALK-1 staining in inflammatory myofibroblastic tumors varied from diffuse to very focal, ranging from 5 to 75% of the tumor; median of 30% (Table 3) . Often, only a few spindle cells demonstrated ALK-1 positivity, whereas the majority of adjacent cells were negative for ALK-1 staining. The ALK-1-positive cells typically demonstrated a slightly more atypical morphology with more abundant cytoplasm, irregular cytoplasmic contour, and large nuclei with occasional nucleoli compared to ALK-1 negative cells. Due to the focal nature of ALK-1 staining, a tumor was considered positive when any specific cytoplasmic ALK-1 staining was identified, whereas stain in intercellular areas was interpreted as negative.
Staining for muscle markers (muscle-specific actin (MSA), smooth muscle actin (SMA), desmin, myogenin and caldesmon) were uniformly identified in leiomyosarcoma and rhabdomyosarcoma. Approximately 50% of inflammatory myofibroblastic tumors exhibited staining for MSA and SMA, whereas only a single tumor was positive for desmin ( Table 2 ). All inflammatory myofibroblastic tumors were negative for myogenin and caldesmon. Staining for epithelial markers (CAM 5.2, keratin AE1/ AE3 and wide spectrum keratin) also showed a variable pattern of expression in various tumors, but was detected consistently in sarcomatoid carcinoma. Cytokeratin expression was also identified in inflammatory myofibroblastic tumor with over 60% of all tumors staining for AE1/AE3. Eleven of 21 inflammatory myofibroblastic tumors were positive for both muscle antigens (SMA or MSA) and cytokeratins (CAM 5.2, AE1/AE3 or wide spectrum keratin). However, five of 21 cases of inflammatory myofibroblastic tumor (24%) stained positively for cytokeratins without muscle antigen expression and four of 21 (19%) stained positively for muscle antigens without positive staining for cytokeratins. Staining for follicular dendritic cell markers, CD 21 and CD 35, was uniformly negative in all lesions. Positive staining for the follicular dendritic cell marker, clusterin, typically showed a cytoplasmic staining pattern associated with scattered foci of spindled cells and was identified to a variable extent in all tumors with the exception of rhabdomyosarcoma. However, no tumor demonstrated strong or diffuse staining. Immunostaining demonstrated no correlation between staining pattern for ALK-1 and any other marker in inflammatory myofibroblastic tumor.
EBV In Situ Hybridization
All tumors in the study were negative for EBV RNA by in situ hybridization.
FISH
Once the results were unblinded, it was determined that no separation of the ALK FISH signal was observed in any of the 25 normal bladder biopsy specimens. Of the 21 cases of bladder inflammatory myofibroblastic tumor, 14 demonstrated rearrangement of ALK and seven yielded normal results ( Table 3 
Correlation between Immunohistochemistry and FISH
Once unblinded and compared to ALK-1 immunohistochemistry results, it was determined that ALK FISH and ALK-1 immunostain results were concordant for 20 of the 21 inflammatory myofibroblastic tumor specimens (95%). These results included seven inflammatory myofibroblastic tumors for which both FISH and immunostain results were negative and 13 inflammatory myofibroblastic tumor cases that yielded positive results for both FISH and immunostain. A single discordant case (inflammatory myofibroblastic tumor case 21) showed positive FISH results and was negative for ALK-1 immunostain. Based on the positive FISH result, the ALK-1 immunostain was repeated and remained negative. Examination of H&E sections (Figure 4 ) revealed inflammatory myofibroblastic tumors with and without ALK rearrangements to be histologically indistinguishable.
The percentage of ALK-positive spindle cells, as detected by immunostain vs FISH, was quite variable in each tumor and showed very little correlation (Table 3 With regard to all other immunohistochemical stains, no difference in staining pattern was noted (Table 3 ). The inflammatory myofibroblastic tumors were slightly more common in females than males (1.6:1.0). Clinical follow-up was obtained for 11 patients with inflammatory myofibroblastic tumor with a mean post-surgical follow-up of 36 months (range 7-70 months; median 34 months). All tumors behaved in a benign fashion and no tumors recurred or metastasized. There were no age differences between patients whose tumors did and did not exhibit ALK rearrangements (P ¼ 0.167). However, ALK rearrangements were significantly more common in inflammatory myofibroblastic tumors occurring in women vs men with a ratio of 6:1 (P ¼ 0.0032).
Discussion
Inflammatory myofibroblastic tumor is an unusual benign neoplasm of the urinary bladder, characterized by a spindle cell proliferation accompanied by a mixed inflammatory infiltrate comprised primarily of lymphocytes and plasma cells. Inflammatory 
Utility of ALK-1 protein expression
WR Sukov et al myofibroblastic tumor exhibits morphologic and immunophenotypic overlap with malignant spindle cell tumors of the urinary bladder and diagnostic distinction from these tumors can be problematic. 3, 6, 7, [10] [11] [12] [13] [14] 16, 17 Both epithelial and myogenic markers can be expressed in inflammatory myofibroblastic tumor and may lead to a misdiagnosis of sarcomatoid carcinoma, leiomyosarcoma or rhabdomyosarcoma. 6, 7, 11, 13 This study confirms the utility of the detection of ALK-1 protein by immunoperoxidase methods and ALK rearrangements by FISH and the limited value of immunohistochemical markers for epithelial, myogenic and follicular dendritic differentiation in the separation of inflammatory myofibroblastic tumors from malignant spindle cell tumors of the urinary bladder.
Originally identified as a protein overexpressed in anaplastic large-cell lymphoma, ALK-1 has subsequently been shown to be overexpressed in a substantial proportion of inflammatory myofibroblastic tumors of various anatomic locations, [1] [2] [3] [4] [5] [6] [7] [8] [9] 15 including the urinary bladder. 3, 7, [10] [11] [12] [13] [14] 16, 19, 25 Several studies have demonstrated a variable degree of cytoplasmic immunohistochemical staining for ALK-1. In inflammatory myofibroblastic tumor of the urinary bladder, positivity for ALK-1 by immunohistochemistry ranges from 33 to 89%, whereas ALK-1 protein expression in leiomyosarcoma and sarcomatoid urothelial carcinoma has not been reported, suggesting that ALK-1 immunohistochemical studies may be useful in the differentiation of inflammatory myofibroblastic tumor from other spindle cell lesions in the urinary bladder. Similar to previous reports, in the present study, we noted ALK-1 expression in 62% (13 of 21 cases) of bladder inflammatory myofibroblastic tumor cases. 7, [13] [14] [15] 19 ALK-1 positivity by immunohistochemistry was not detected in leiomyosarcoma or sarcomatoid carcinoma. Previous studies have also reported ALK expression in both alveolar and embryonal rhabdomyosarcoma, using a polyclonal ALK antibody. 28 However, the three cases of embryonal rhabdomyosarcoma in this series were negative.
The presence of clonal rearrangements involving the ALK gene has been identified in a subgroup of inflammatory myofibroblastic tumors. 4, 5, 7, 9, [20] [21] [22] [23] [24] [25] [29] [30] [31] [32] Cytogenetic and molecular analyses have demonstrated a number of ALK fusion gene partners, including RANBP2-ALK, TPM3-ALK, TPM4-ALK, CLTCALK, CARS-ALK and SEC31L1-ALK. 5, 9, 21, 25, 29, 31 In the present study, ALK rearrangements were identified in 14 of 21 cases of inflammatory myofibroblastic tumor of the urinary bladder. These findings are similar to recent studies that identified ALK rearrangements by FISH in a few series of urinary bladder inflammatory myofibroblastic tumors. 7, 10, 19, 23, 25 Once unblinded and correlated with the ALK-1 immunohistochemical staining, all inflammatory myofibroblastic tumor cases in our study that demonstrated ALK-1 expression also exhibited ALK rearrangements, although the percentage of positive spindle cells varied significantly between the two methods (Table 3 ). These findings suggest that the presence of ALK expression in urinary bladder inflammatory myofibroblastic tumor is primarily, and perhaps solely due to a translocation or inversion process resulting in the aberrant expression of ALK and conversely these data suggest smaller molecular activating point mutations, deletions or insertions must be rare in these tumors.
Thirteen of the 14 cases with positive FISH results had typical split signals identified within the neoplastic spindle-shaped nuclei, such that the split signals were widely separated within the neoplastic cells (Figure 2b) . The sole exception (inflammatory myofibroblastic tumor case 18) demonstrated an atypical, but reproducible 'small-split' signal, which was present in the majority of spindled nuclei (Figure 2c ). This signal pattern could easily be missed without careful analysis of the spindle cell nuclei, as artifactual splitting of the ALK FISH signal is occasionally seen in some nuclei. We felt very confident with this result, however, since a high percentage of nuclei (26%) had this atypical split result, it was detected independently by both FISH technologists scoring the sample and once unblinded, matched the positive ALK-1 immunostaining results. As these split signals are consistently tracking together in the interphase nuclei, this particular signal pattern strongly suggests an insertion or inversion mechanism for ALK gene activation in this tumor. Activation of ALK via rearrangement with other genes on chromosome 2 has been described previously and may account for this observation. 33 A few inflammatory myofibroblastic tumor cases had occasional spindle cells with atypical splitsignal patterns in addition to the typical 1R1G1F. These various signal patterns correspond to gains and/or losses of the ALK gene. Some of the abnormal patterns indicated a duplication of the split signals that may represent a tetraploid component for these tumors (Figure 2e and f) .
The extent of the immunohistochemical detection of ALK-1 in positive cases varied widely case to case with ALK-1 staining, ranging from isolated clusters of spindle cells to the majority of cells (5-75%). A similarly variable distribution was reflected in FISH analysis for ALK rearrangements (4-72.5%). The significance of this variability is unknown, but it is critical to appreciate this variability in the assessment of both the immunostain and FISH assay. In contrast to the majority of FISH assays that consist of simply scoring consecutive nuclei with fluorescent signals, this particular FISH assay required significant technologist effort and diligence in identifying the presence of positive nuclei. First, only spindleshaped cells were scored for the presence of intact fusions and/or split signals. As standard 5-mm tissue sections were used, cut artifact was often encountered in these larger spindle-shaped cells, which artificially resulted in loss of intact fusion signals. This artifact is a common occurrence in paraffinbased tissue FISH applications, but was particularly problematic in this assay as only the larger spindle shaped cells were assessed. Some of the tumors had an abundance of spindle-shaped cells for which only a small proportion demonstrated a positive split-signal result, whereas others had an abundance of positive nuclei (range of 12.5 to 72.5% positive) ( Figure 5 ). Thus, a quick cursory scan of a large tissue section could easily result in a false-negative FISH result. Each case required a very careful examination of the entire tissue to detect the presence of a sparse population of spindle cells exhibiting ALK rearrangements. It is of note that one inflammatory myofibroblastic tumor case (case 21) repeatedly failed to show ALK-1 expression by immunostaining, yet harbored a typical split FISH signal in 21% of spindle cells, indicating an ALK rearrangement. All other cases of inflammatory myofibroblastic tumor that were negative for ALK-1 immunohistochemical expression also failed to show ALK rearrangements by FISH. It is unclear why in one case an ALK rearrangement was not associated with apparent protein expression.
Although ALK FISH did not display any split signal results in the 32 non-inflammatory myofibroblastic tumor specimens, gains or losses of intact ALK fusion signals were commonly observed ( Figure  3b ). However, gains or losses of intact fusion signals, or normal 2F results, cannot be used to rule-in or rule-out inflammatory myofibroblastic tumor or any other spindle tumors of the bladder as these FISH patterns were observed in both inflammatory myofibroblastic tumors lacking ALK separation and other malignant spindle tumors. Of note, one case of sarcomatoid carcinoma demonstrated an apparently amplified, but intact, ALK FISH signal (Figure 3d ). Amplification of a gene region is often associated with overexpression of the associated protein, although this particular tumor was not positive for ALK-1 expression by immunohistochemistry. As no split ALK signals were identified in any of the 32 non-inflammatory myofibroblastic tumors, this suggests a positive ALK result in a spindle cell lesion of the urinary bladder is likely specific for inflammatory myofibroblastic tumor.
Presence or absence of ALK translocations did not, in this study, appear to impact patient prognosis as eight ALK-rearrangement positive and three ALKrearrangement negative cases had clinical follow-up and no tumors recurred following complete removal. However, inflammatory myofibroblastic tumors exhibiting ALK translocations demonstrated a strong predilection for females, whereas the ALK-rearrangement negative inflammatory myofibroblastic tumors were predominately identified in males (P ¼ 0.0032). It is interesting to postulate the gender association of ALK-rearrangement positive inflammatory myofibroblastic tumor in females may correspond to a unique etiology relative to these tumor growths in males.
Previous studies of inflammatory myofibroblastic tumor in various anatomic locations have suggested that lesions that carry an ALK translocation and/or ALK-1 protein expression occur in patients less than 40 years of age, whereas those that do not show ALK translocations or ALK-1 protein expression are typically diagnosed in older patients. 4, 17, 18, 25 In this study, ALK-1 expression or ALK rearrangements were not associated with age. Although the median age of ALK-rearrangement positive cases was slightly lower than the median age of ALK-rearrangement negative cases, the age ranges were similar (P ¼ 0.167) ( Table 3 ). Both younger and older patients were represented in both groups, with one ALK-positive tumor occurring in a 77-year-old and one ALK-negative tumor diagnosed in a 36-year-old.
Previously, it has been suggested that lesions categorized together as inflammatory myofibroblastic tumor may, in fact, represent more than one distinct entity. 18, 34 Our findings suggest that there are at least two types of inflammatory myofibroblastic tumor in the urinary bladder; tumors that arise in association with ALK rearrangements and tumors with an apparently separate etiology. A few inflammatory myofibroblastic tumor cases have been described in the literature implicating additional genetic mechanisms. 34 Further studies are necessary to determine if inflammatory myofibroblastic tumor without rearrangements in ALK are due to a single underlying mechanism or if these tumors arise via multiple pathways.
Despite the identification of characteristic genetic changes associated with inflammatory myofibroblastic tumors, questions regarding etiology remain to be clarified. Recent studies examining follicular dendritic cell markers have suggested that inflammatory myofibroblastic tumor may be derived from follicular dendritic cells and may be related to infection with EBV. 1, 6, 8, 26, 35 In the present study, however, inflammatory myofibroblastic tumor with and without ALK abnormalities did not express the follicular dendritic cell antigens, CD23 or CD35, and all cases were negative for EBV by in situ hybridization. Additionally, although clusterin positive cells were detected in some inflammatory myofibroblastic tumor, these cells were relatively sparse and not in a pattern characteristic of follicular dendritic cell tumors. 27 Further, a similar frequency of and pattern for clusterin expression was identified in leiomyosarcoma and sarcomatoid carcinoma, suggesting follicular dendritic cells are not the origin of the urinary bladder inflammatory myofibroblastic tumor. Therefore, it is likely that cases of inflammatory myofibroblastic tumor in the urinary bladder represent an entity distinct from those inflammatory myofibroblastic tumors that are of follicular dendritic cell origin or are associated with EBV infection. It is clear that these tumors exhibit myofibroblastic differentiation with expression of muscle-specific antigens. In addition, these tumors can coexpress cytokeratins, and this can be one helpful feature in distinguishing inflammatory myofibroblastic tumor from sarcomatoid carcinoma and leiomyosarcoma that both typically lack coexpression of these antigens. However, such a dual expression pattern should also elicit the consideration of a prostatic leiomyosarcoma with extension into the urinary bladder or a primary sarcomatoid urothelial carcinoma with muscle differentiation, as these lesions have been shown to coexpress cytokeratins and myogenic markers as well. 36, 37 In summary, we expand the literature with a large series of urinary bladder inflammatory myofibroblastic tumors harboring ALK gene rearrangements, and confirm the utility of immunohistochemical detection of ALK-1 protein and FISH analysis for ALK rearrangements in distinguishing inflammatory myofibroblastic tumor from other malignant spindle cell tumors of the urinary bladder. We suggest both methods of detection should be concomitantly utilized as the percentage of either immunostain or FISH-positive cells is highly variable and a falsenegative result could be easily generated. It is hypothesized that at least two mechanisms are responsible for inflammatory myofibroblastic tumor of the urinary bladder with the most common mechanism associated with ALK gene rearrangements. FISH confirmed that ALK translocations or inversions may be the sole mechanism for activation of this gene in inflammatory myofibroblastic tumor, although very careful examination of the entire tissue section is required for identification of ALK rearrangements in spindle cells. Although an ageassociated occurrence of ALK-rearrangement positive inflammatory myofibroblastic tumor in the bladder was not observed, a statistically significant gender predilection for ALK-rearrangement positive inflammatory myofibroblastic tumor in females vs ALK-rearrangement negative inflammatory myofibroblastic tumor in males was identified (P ¼ 0.0032). In the diagnosis of inflammatory myofibroblastic tumor, immunohistochemistry may provide additional useful information, particularly the coexpression of cytokeratins and actins. However, these stains performed in isolation have the potential to result in a misdiagnosis of sarcomatoid carcinoma or leiomyosarcoma.
